Abstract Epilepsy is a devastating condition with a considerable increase in mortality compared to the general population. Few studies have focused on cause-specific mortality which we analyse in detail in over 4,000 wellcharacterized epilepsy patients. The cohort comprised of epilepsy patients C18, treated between 1970 and 2009 at the epilepsy clinic of Innsbruck Medical University, Austria, and living in the province of Tyrol, Austria. Epilepsy diagnosis was based on ILAE guidelines (1989); patients with brain tumor were excluded. Deceased patients and causes of death (ICD-codes) were obtained via record linkage to the national death registry. We computed age-, sex-, and period-adjusted standardized mortality rates (SMR) for 36 diagnoses subgroups in four major groups. Additional analyses were performed for an incidence cohort. Overall cohort: 4,295 patients, 60,649.1 personyears, 822 deaths, overall SMR 1.7 (95 % CI 1.6-1.9), highest elevated cause-specific SMR: congenital anomalies , cerebrovascular disease at 3.5 (95 % CI 2.6-4.6). Mortality due to mental health problems, such as suicide or alcohol dependence syndrome, malignant neoplasms, and cerebrovascular diseases was highly increased in our study. In addition to aim for seizure freedom, we suggest improving general health promotion, including cessation of smoking, lowering of alcohol intake, and reduction of weight as well as early identification of psychiatric comorbidity in patients with epilepsy.
Introduction
Epilepsy is a potentially life-threatening condition with a considerable increase in mortality compared to the general population. Depending on the population under study these numbers vary substantially and are highest for difficult to treat and epilepsy surgery patients and lowest in population-based studies [12, 34] .
Early investigations of causes of death in the epilepsy population have been conducted since the 1970s where underlying disorders causing epilepsy were the most frequently recorded causes of death, especially during the first years following diagnosis. Investigations were sometimes inconclusive and findings from some studies could not be confirmed by others. Furthermore, differences in methodology and study population make comparisons between cohorts difficult [34] .
In the present study, we report the overall and cause-specific mortality in a large hospital-based epilepsy population from a neurological service in Innsbruck, Austria. Data from this cohort were previously described [37] and we now extended observation with an additional 10 year follow-up period to up to 39 years. We report on current overall mortality statistics and present SMRs on causes of death compared to the general population of the same geographic area. Main features of this large cohort are its epilepsy diagnosis according to ILAE guidelines [10] and long duration of follow-up.
Methods
At the epilepsy outpatient clinic at the University Hospital for Neurology in Innsbruck, Austria, which is the only specialized epilepsy outpatient clinic in the province of Tyrol with its over 700,000 inhabitants [35] , patients were recorded in a database as early as the 1970 by one specialist neurologist (GB). Around the turn of the millennium the original database was transferred and upgraded, and additions of supplementary clinical data made (ET, J-PN, CG). Patient data were updated at every visit to the outpatient department. Parts of this cohort have already been described previously [37] . During 2008 and 2009 all patient records were reviewed (CG) for accuracy of the entries and missing data added where available. The present study included all patients with a diagnosis of epilepsy according to ILAE criteria [10] who visited the epilepsy outpatient clinic between January 1st, 1970 and December 31st, 2009, were above 18 years of age at end of study and permanent residents of Tyrol, Austria. Patients with a brain tumor as suspected cause of epilepsy were excluded from the study. Follow-up was terminated death or on December 31st, 2009, whichever occurred first.
The database was linked to the national death registry, applying a probabilistic record linkage method [30] , to identify deceased patients and their causes of death as stated on death certificates via ICD-9 or ICD-10 codes. In Austria only one ICD-code is entered into the death registry by the reporting physician as cause of death, possible contributing causes cannot be recorded. Demographic statistics were computed and standardized mortality rates (SMR) calculated in comparison to the general population of the same province adjusted for age, sex, and period of death-year. Causes of death were grouped into four major groups and 36 subgroups (Table 1) . This grouping-system was based on the one published by Nilsson et al. [29] . In addition, if an epilepsy diagnosis was established within 365 days following an individual's first ever epileptic seizure, they were considered an incidence case. For these cases additional mortality-analyses was performed as the incidence cohort. Stata 2012 for Windows (Stata Inc. 2012) was used for all statistical calculations.
Results
Demographic data of overall and incidence cohort are presented in Table 2 .
Overall cohort
Overall SMR for the cohort was 1.7 (95 % CI 1.6-1.9), 1.8 (95 % CI 1.6-2.0) for women, 1.7 (95 % CI 1.5-1.9) for NA not applicable N number of subjects, F female patients, M male patients 
Malignant melanoma
Of female breast 10 10
Of lymphatic and hematopoietic tissue men. Cause-specific SMR values for the overall cohort are presented in Table 3 .
Incidence cohort
Overall mortality and cause specific mortality in the incidence cohort showed similar values as in the overall cohort with an overall SMR of 1.8 (95 % CI 1.6-2. 
Discussion
In this mortality, study with over 60,000 person-years of follow-up we found an excess mortality of 1.7-1.8 times compared to the general population of the same region. The most highly increased causes of death were congenital anomalies, suicide, alcohol dependence syndrome, malignant neoplasms of the esophagus, pneumonia, and cerebrovascular disease. A large, prospective long-term population-based cohort is considered gold standard for epidemiological research. Despite its good representation of the general population, it also has significant drawbacks, which are most importantly low accuracy of epilepsy diagnosis and limited numbers of patients ascertained. Some investigators classify subgroups of definite, probable and possible epilepsy but do not take any further measures to clarify uncertain cases [28] . But even hospital-based cohorts sometimes struggle with this problem: one study found erroneous epilepsy diagnoses in 21 % of patients [29] . Older studies carry the additional drawback of incomparable epilepsy classification systems that are not in use nowadays [16] . The main advantage of the present study is its large hospital-based cohort with an ongoing recruitment of 40 years and a reliable epilepsy diagnosis, based on the ILAE classification system of 1989 [10] , as all patients were treated in one specialized epilepsy outpatient clinic. Furthermore, inpatient admission was not required for inclusion and patients could also be referred to the outpatient clinic by their family doctor or specialist physician, which we assume to lower the bias towards more severe epilepsy cases. It is common practice in urban regions of Austria to admit patients with a first epileptic seizure for inpatient neurologic evaluation of the event, followed by regular check-ups at the epilepsy outpatient clinic. As our service represents the only specialized epilepsy unit in Tyrol province, a high percentage of epilepsy patients from the region are expected to be seen there. Nevertheless, a certain selection-bias towards more severe epilepsy cases cannot be completely excluded.
Due to a lower mortality in the province of Tyrol compared to other provinces of Austria [35] , mortality calculations were made in comparison to the general population of the province, thus, producing more reliable numbers and avoiding a potential bias seen in other studies, where patients were compared to a country's overall population [26, 31] . Comparison was age-, sex-, and period of death-year adjusted as this may otherwise carry a significant bias, especially with longer follow-up. Novel imaging techniques such as MRI or PET help establishing the etiology of epilepsy, including cerebral neoplasm. However, these methods have not yet been available during some of the earlier studies or their quality was that of contemporary standards. As shown in a population based study in Rochester, USA, there is no significant excess of malignancies when patients carrying a diagnosis of cancer prior to that of epilepsy were excluded from analysis [16] . As recruitment of patients in our study started as early as the 1970s such a bias may also have occurred for a fraction of our patients.
Overall mortality
Overall mortality was elevated to an SMR of 1.7 (95 % CI 1.6-1.9) and 1.8 (95 % CI 1.6-2.1) for the incidence cohort. Depending on the population studied, SMRs in epilepsy patients were previously reported in a wide range from 1.6 to up to 15.9 in highly selected cohorts [34] . The highest mortality occurred during the first years following diagnosis and remained elevated up to 30 years after diagnosis [12, 16, 28, 29, 34, 37] . Some studies showed a late increase 20-25 years after initial diagnosis [34] which, in contrast, was not seen in our cohort. The comparatively lower mortality may be due to the population studied, which included a high proportion of newly diagnosed patients and a long follow up.
Cause-specific mortality
To evaluate cause-specific mortality, ICD-9 and ICD-10 codes were used as reported on death certificates. During the analyses, however, we saw differences in coding practice. One fraction of physicians reported the immediate cause of death, such as ischemic cerebral infarction, while others reported the underlying condition (e.g. atrial fibrillation) leading to an individual's death. As only one cause of death can be reported in Austria this may lead to underrepresentation of epilepsy and other chronic diseases on death certificates.
Causes of death can be separated into three categories as proposed by Nilsson et al. [29] : (a) underlying disease of which epilepsy is a symptom, (b) underlying disease that has no obvious causal relation to epilepsy, (c) epilepsy that contributes directly to death [29] .
Category (a) includes disorders such as congenital anomalies, which were elevated to an SMR of 7.1 (95 % CI 2.3-16.6) overall and 10.8 (95 % CI 1.3-39.3) in the incidence cohort, and thereby slightly lower than previously described at 17.0 (95 % CI 9.5-28.1) by a Swedish cohort [29] . Although not statistically significant due to overlapping confidence intervals, this difference could be explained by selection-bias in their cohort of recruitment of hospital admissions.
The risk for death due to cerebrovascular disease [SMR 2.6 (95 % CI 2.1-3.1), 3.5 (95 % CI 2.6-4.6) for the incidence cohort] was within limits of previous findings where the risk ranged from no elevated risk in patients with idiopathic/cryptogenic epilepsy from England [28] to 2.9-6.3 in other cohorts [28, 29, 31] . Cerebrovascular disease is the most frequent cause of epilepsy in adults over the age of 60. The likelihood of developing early or late epileptic seizures after stroke has been estimated to up to 67 %, for developing post-ischemic-stroke epilepsy to 2-4 % [6] . Less frequently discussed is the occurrence of heraldic seizures, which may have contributed to the number of deaths, attributed to cerebrovascular disease in our study. Heraldic seizures are epileptic seizures caused by hitherto hidden cerebrovascular disease, triggered by clinically silent ischemia occurring before a stroke [7, 15, 32] . In addition, microbleeds frequently seen in conditions such as cerebral amyloidangiopathy or hypertensive angiopathy, might also contribute to the generation of seizures in these patients [8, 15, 21] . Cleary et al. [7] reported an almost threefold increased risk for stroke in patients with onset of seizures after the age of 60 compared to matched controls without seizures. Shinton et al. [32] reported a rate of 4.5 % of patients with a first stroke to have had epileptic seizures previously, and 9.3 % of patients with recurrent strokes developed poststroke epilepsy. The concurrence of focal motor seizures and subsequent side of hemiplegia in stroke in four out of five patients, as well as reduction of seizure severity after stroke in one patient support the hypothesis that seizures may have been caused by silent ischemia in these patients [32] .
Malignant neoplasms [SMR 1.2 (95 % CI 1.0-1.4)] were likewise within the range of previously reported findings from not elevated in patients with idiopathic/ cryptogenic epilepsy in UK [28] to SMR values of 1.4-5.6 [16, 28, 29, 31] in other cohorts.
In category (b); Causes of death not depicting an etiological cause for epilepsy, might still be associated with the disease, Pneumonia was frequently identified as a cause of premature death in epilepsy patients (SMR 3.5-10.1) [16, 24, 28, 29] . The reason for this is not fully understood. It seems likely that generalized tonic-clonic seizures may lead to aspiration and later pneumonia with lethal consequences. This theory, however, has not been explored up to date. Nevertheless, other pathomechanisms have been discussed. Baumann et al. [4] suggest that neurogenic pulmonary oedema secondary to generalized seizures could be mistaken for pneumonia [28] . Pneumonia is also a common event in the elderly and frail population. Studies of institutionalized patients observed 25 % of patients to die from respiratory death, while this cause was observed in only 5 % of patients in the community [22] . Higher SMR values therefore appear to be due to few cases in younger age groups where pneumonia as a cause of death is rare. This was supported by a British cohort, where pneumonia reached an SMR of 10.3, and the mean age of death was 81 [9] . The Swedish cohort reported an SMR of 4.2 (95 % CI 3.6-4.8) and 40 % of patients were older than 75 years at time of death [29] .
The importance of mental health in the epilepsy population has been acknowledged previously as it reduces quality of life, complicates anti-epileptic treatment and increases mortality [5] . In our population mental disorders in general [SMR 2.8 (95 % CI 1.4-4.9), 4.6 (95 % CI 1.5-10.8) for the incidence cohort] and alcohol dependence syndrome in particular [SMR 3.9 (95 % CI 1.8-7.4), 6.4 (95 % CI 1.8-16.5) for the incidence cohort] were significantly elevated causes of death, reflecting the high incidence of severe psychiatric disease and resulting lethal consequences. In a population based study the most common psychiatric co-morbidities in epilepsy patients were depression in 18 %, neuroses in 15 % and psychoses in 9 %, leading to a psychiatric diagnosis in 41 % of patients [14] . Earlier work regarding suicide in epilepsy patients found variable results ranging from no increase [9, 16, 22] to up to a tenfold increased rate [29, 40] . Our data show a clear increase in death from suicide compared to the general population [overall SMR 4.2 (95 % CI 2.0-8.1) and 6.8 (95 % CI 1.4-19.8) in the incidence cohort]. The suicide rate in Austria has steadily declined over the last decade but still remains high compared to other western European countries [11] . Increase in suicide is supported by reports that patients with epilepsy are found to regularly suffer from medically undiagnosed and untreated depression [18] or anxiety [36] , which are predisposing factors to suicide [27] . The association of anti-epileptic drug (AED) treatment and suicidal or self-harming behavior has been discussed controversially, but there appears to be a bidirectional association between psychiatric disorders and epilepsy rather than AED treatment [19] .
Malignant extracerebral neoplasms in general where only marginally elevated in our cohort at 1.2 (95 % CI 1.0-1.4) and 1.4 (95 % CI 1.0-1.8) for the incidence cohort, whereas is was more significant in other cohorts, especially during the first 5 years of follow-up [28] . An increase of malignancies with long-term use of anti-epileptic drugs was found in some reports [23, 29] but could not be confirmed by others [1, 38] . The finding of reduced immune responses in epilepsy patients, however, could be a possible explanation. Malignancies of the respiratory and intrathoracic organs were elevated to an SMR of 1.5 (95 % CI 1.1-2.0) in our cohort but did not reach significance in the incidence cohort. Likewise, neoplasms of the lung were elevated up to fourfold in a population-based cohort from UK [28] . Other cohorts confirmed this, but had limited validity due to low patient numbers [22, 33] . Explanations for this finding remain speculative. The use of barbiturates has been associated with an increase in lung cancer in one study, but, again, the power of this study was low [13] . In a population-based study from Rochester, USA [16] the rates for cancer were not increased when patients with a cancer diagnosis prior to epilepsy diagnosis where excluded from analysis. Looking at co-morbidities independent of lethality, diseases of the respiratory system were found in 61 % of epilepsy patients, and neoplasms in 7 % [14] . The most common cause for chronic bronchitis and asthma is cigarette smoking [3] , which is also a risk factor for cerebrovascular disease and cancer [2] , thus can represent an etiological factor for epilepsy itself. Furthermore, epilepsy is more common in lower socioeconomic groups [17] , who in return have higher smoker-rates [20] . Another remarkable finding in our cohort was the increase in malignancies of the esophagus with an SMR of 3.1 (95 % CI 1.2-6.4). This was previously investigated only in the Swedish cohort, where a similar increase at 3.3 (95 % CI 2.0-5.2) was observed [29] . Also this type of carcinoma was associated with cigarette smoking and alcohol intake [39] . Surveys have in fact shown an up to twofold higher rate of cigarette smoking among the epilepsy population compared to the general population [25] .
Epilepsy itself as a causal factor for death, category (c), could not be fully investigated in this study as information on the occurrence of status epilepticus or potential SUDEP were not available. A twofold increase was seen in external causes of death. Whether this was associated with epileptic seizures could not be evaluated. Though the fact that it was also reported in previous studies [29] supports the assumption of a seizure related cause of death in these patients.
Conclusions
Epilepsy patients suffer from higher rates of mental health problems as well as increased smoking and alcohol intake compared to the general population [25] . Our study suggests that these conditions may not only result in a poor quality of life, but also in increased mortality. We therefore suggest improving health promotion, including such as cessation of smoking, lowering of alcohol intake and reduction of overweight in patients with epilepsy. Likewise, we see a need for early psychiatric evaluation in the epilepsy population and, if necessary, treatment and support which could carry a significant potential to decrease premature death. Therefore, screening mechanisms should be implemented into every patient's treatment plan and good mental health be considered a successful outcome parameter for epilepsy treatment. Furthermore, thorough screening for other potential causes of death in epilepsy patients, especially malignancies and cerebrovascular disorders, should be undertaken.
